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Inf  o m t i c  

Statements made by t h e  Mathematics Div is ion  

on May 6, 1969 

INTRODUCTION 

The informat iona l  work accomplished under t h e  r e s p o n s i b i l i t y  of t h e  

Mathematics Div is ion  of C.N.E.S., f o r  t h e  EOLE p r o j e c t ,  is c l a s sed  i n  t h r e e  

t i t les  : 

1. Studies .  

2. Treatment of information f o r  t h e  launching of t h e  s a t e l l i t e .  

3. Treatment of  t h e  "balloon" and I 1 s a t e l l i t e "  information du r ing  

t h e  ope ra t iona l  e x p l o i t a t i o n  phases of EOLE. 

I n  t h e  p re sen t  account we a r e  i n t e r e s t e d  only i n  t he  t h i r d  po in t .  

The e l a b o r a t i o n  of t h e  "balloon" and " s a t e l l i t e "  ope ra t iona l  t r ea tmen t  

unfo lds  i n  two s t ages  t o  which two ve r s ions  of t h e  aforementioned program 

correspond. 

- Version 1 whose o b j e c t i v e  i s  t o  connect t h e  t h r e e  p r i n c i p a l  func t ions  

of t h i s  t rea tment :  

1. The a c q u i s i t i o n  and t h e  r e s t i t u t i o n  of t h e  two EOLE telemeasures .  

2. The c a l c u l a t i o n s  of t h e  p o s i t i o n s  of  t h e  ba l loons  and t h e  formation 

of t h e  d a t a  f o r  t h e  s c i e n t i f i c  t reatment  accomplished by t h e  dynamic 

meteorology l abo ra to ry  of t h e  C.N.R.S. 

3.  The f a b r i c a t i o n  o f  t h e  i n t e r r o g a t i o n  program of t h e  ba l loons  (TAF) 

i n  d i r e c t  connect ion wi th  those  r e spons ib l e  f o r  t h e  EOLE ope ra t ions  

of  t h e  Network d i v i s i o n ,  



This f i r s t  ve r s ion  should be accomplished f o r  autumn 1969 and should 

func t ion  on d a t a  s imulated by t h e  Mathematics d i v i s i o n  and in t roduced  a t  

t h e  l e v e l  of t h e  same c a l c u l a t o r .  

- Version 2 whose o b j e c t i v e  i s  t o  proper ly  s a t i s f y  the  o p e r a t i o n a l  

needs i n  a c t u a l  time: 

1. Control  of t h e  s a t e l l i t e .  

2. V i s u a l i z a t i o n  of t h e  p o s i t i o n s  of t h e  bal loons.  

3. Regard f o r  t h e  "time" c o n s t r a i n t .  

4 .  Regard f o r  t h e  " secu r i ty  of t r e a t e d  and e labora ted  da t a"  c o n s t r a i n t .  

This  second v e r s i o n  should be  accomplished.for  t h e  f i r s t  g loba l  t e s t s  

which w i l l  cause  t h e  IRIS telemeasure s t a t i o n s '  connections t o  i n t e r f e r e  



T I T L E  I 

State of progress of the work in  Version 1 of the 
&I# 

"balloon" and "sate l l i te"  operational treatment. 

i n  the month of May, 1969 

Editor: I?, Reboul 



i 
State of progress of the work of Version 1 of the "balloon" and 

I 
"satellite" operational treatment in the month of May 1969. 

i A - The passage of the information. 
: 

Figure 1 schematizes the course followed by the information: 
ir 

A , -  1 The entry of the data. 

The satellite transmits its telemeasures to the station which 

1 
I has telecommanded it. These telemeasures are retransmitted 

to Bretigny by herzienne connection at 200 bauds, in the form 
i 

of labeled blocks of fixed length. These blocks are acquired 

f by the calculator as soon as they are presented. 

I A - 2 Treatment of this data. 

1 The two, telemeasures are reconstructed separately and memorized. 
J 

i The data which concerns the experimental telemeasure balloons 

1 

I is extracted and the card index of the positions of the 

i 
I balloons is published (BAL). 
I 

The data which concerns the fixed nacelles of this same tele- 
I 
1 measure is extracted and the card index of the orbit parameters 

trol the satellite. 

A - 3 The results obtained. 

The data concerning the positions of balloons and the "nacelle" 

parameters is reassembled for the scientific treatment, 



The knowledge of t h e  s a t e l l i t e  o r b i t  and t h e  e x t r a p o l a t i o n  of 

e 
t h e  ba l loon  p o s i t i o n s  permits  f a b r i c a t i o n ,  under t h e  c o n t r o l  

of those  r e spons ib l e  t o  Network d i v i s i o n ,  of t h e  t e l e p o s t i n g  

of t h e  s a t e l l i t e  f o r  one o r  s e v e r a l  f u t u r e  o r b i t s .  

The dependence d a t a  fu rn i shes  t h e  c o n t r o l  of t h e  s a t e l l i t e  

which t h e  head of t h e  p r o j e c t  w a i t s  f o r .  

B - Examination of  t h e  program which accomplish t h i s  work. . 
B - 1 P r i n c i p l e  of programming. 

We have r e l i e d  on two f a c i l i t i e s  o f f e red  by t h e  o p e r a t i o n  

system of t h e  c a l c u l a t o r  which we s h a l l  u t i l i z e  t o  accomplish 

t h i s  work. 

B - 1.1 The multiprogramming. 

Two programs w i l l  be  executed "together." 

The a c q u i s i t i o n  of t h e  blocks on one hand, which w i l l  func- 

t i o n  24 h ou t  of 24., and a g iven  one of t h e  t rea tment  pro- 

grams on t h e  o t h e r  hand. 

B - 1.2 The dynamic s t r u c t u r e .  

The whole of t h e  t rea tment  programs which w i l l  be  executed i n  

eoncomitance w i t h  t h e  a c q u i s i t i o n  w i l l  have a dynamic s t r u c t u r e .  

A t  any t ime t h e  resources  which t h i s  whole w i l l  u s e  w i l l  be  

a b l e  t o  be a l l o c a t e d ,  as a func t ion  of t h e i r  n e e d s , . t o  one 

o r  t h e  o t h e r  of t h e  programs which w i l l  succeed. 

The order  of  success ion  of each program w i l l  remain under t h e  

c o n t r o l  of a c a l c u l a t o r  ope ra to r  by means of  a connected type- 

w r i t e r  (IBM 2740) which we s h a l l  c a l l  "direct2ng typewri ter ."  



Name of 
Function the Module State 

Acquisition AcQ F, E, T * 
Program director of the whole 
of the treatment programs F, E, as a test 

Restitution of the 
telemeasures LIRE F, E, T 



C - Examination o f  t h e  m a t e r i a l ,  

The work which we have descr ibed  i s  accomplished i n  a c t u a l  time. 

The two c a l c u l a t o r s  of  t he  Mathematics d i v i s i o n  of CNES w i l l  be  

u t i l i z e d .  

F igu re  2 shows: 

C - 1.1 How t h e  te lemeasure blocks w i l l  be capable  of being manually 

d i r e c t e d ,  e i t h e r  toward t h e  IBM model 40,  o r  toward t h e  IBM 

model 65. 

C - 2.2 How t h e s e  two c a l c u l a t o r s  w i l l  be a b l e  t o  t r ansmi t  d a t a  

from one t o  t h e  o t h e r  by means of t u r n t a b l e s  2314 and 2311 (two 

channel  switch) .  

C - 2 Calcu la to r  equipment o f  I B M  model 40 

The IBM 360 c a l c u l a t o r  model 40 w i l l  a s s u r e  i n  p r i o r i t y  t h e  

EOLE o p e r a t i o n a l  t reatment .  
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TITLE I1 

The r ecogn i t i on  of t h e  blocks and t h e  r e s t i t u t i o n  of t h e  te lemeasure.  

We a r e  going t o  s tudy  i n  T i t l e  I1 t h e  programs c a l l e d  ACQ and LIRE i n  

T i t l e  I. 

e L e t ' s  remember t h a t  we a r e  working under t h e  system MFT 11, and t h a t  

t h e  ACQ program is always i n  execut ion i n  t h e  maximum p r i o r i t y  d i v i s i o n ,  

w h i l e  LIRE w i l l  be  executed i n  t h e  o t h e r  d i v i s i o n .  These two programs 

a r e  synchronized by means of t h e  t a b l e  of gene ra l  condi t ions  which is i n  

t h e  nucleous and which de f ines  t h e  cond i t i on  of t h e  card indexes and which 

have been valued t h e  passage of te lemeasures  rece ived  block by block. 

F igure  4 schematizes t h i s  gene ra l  o rganiza t ion .  
* 

ACQ accomplishes what we c a l l  t h e  RECOGNITION of t h e  b locks ,  LIRE t h e  

RESTITUTION of t h e  te lemeasure passage. We c a l l  "passage" t h e  flow o f  

experimental  and dependence telemeasure which is  gathered by a s t a t i o n  a t  

t h e  t i m e  o f  passage o f  t h e  s a t e l l i t e .  

A - The Format 

A - 1 The format of t h e  s c i e n t i f i c  telemeasure.  

The s c i e n t i f i c  te lemeasure communicates t h e  measures accomplished on . 

board t h e  nace l lesand  t h e  measures which permit l o c a l i z i n g  t h e s e  

nace l l e s .  A s c i e n t i f i c  te lemeasure format con ta ins  1056 b i t s  and 

communicates t h e  corresponding measures t o  8 n a c e l l e s ,  (Figure 5 ) .  

A - 2 The dependence telemeasure format.  

The dependence te lemeasure communicates t h e  

s a t e l l i t e .  A format of 960 b i t s  i n  length.  

c o n t r o l  d a t a  from t h e  





A - 3 The format of t h e  te lemeasure block. 

A block conta ins  t h r e e  p a r t s :  

- of t h e  telemeasure: 4935 b i t s  which a r e  c u t  o f f  i n  t h e  flow of  t e l e -  

i measure a t  t h e  s t a t i o n ;  

I - a l a b e l  of  65 b i t s  which is put  a t  t h e  head of t h e  block,  a t  t h e  

i 
1 s t a t i o n ;  

1 - a mark of  96 b i t s  (3 words 360) which i s  put  be fo re  t h e  l a b e l  by 
1 
1 
1 t h e  ACQ program. 

From t h e  q u a l i t y  po in t  of view, t h e  information contained i n  t h e  mark 

i s  not  noisy,  t h e  informat ion  of t h e  l a b e l  i s  spo i l ed  w i t h  n o i s e  from 

t h e  Bret igny r e t r ansmis s ion  s t a t i o n  and t h e  te lemeasure s p o i l e d  w i t h  

n o i s e  from re t r ansmis s ion  and from t h e  n o i s e  of t h e  te lemeasure i t s e l f ,  

F igu re  6 d e t a i l s  t h e  content  of t h e  block. 

A - 4 The index of rough telemeasure. 

The index con ta ins  t h e  passages i n  t h e  course  of a c q u i s i t i o n  f o r  com- 

p l e t e l y  acqui red ,  bu t  no t  y e t  t r e a t e d .  

This  index i s  composed of N subindexes and a n  a s s i s t amesub index .  Each 

subindex is capable of  con ta in ing  one passage, o r  t h e  content  o f  two 

s c i e n t i f i c  memorandums from t h e  s a t e l l i t e ,  p lus  4 o r  5 dependence 

te lemeasure formats.  The a s s i s t a n c e  subindex conta ins  a b lock  swi tch  

whose a c q u i s i t i o n  because of sound can  a f f e c t  t h e  l a b e l ,  have not  been 

a b l e  t o  be recognized and a t t ached  t o  a passage. 

The t a b l e  of  gene ra l  condi t ions  con ta ins  two b inary  p o s i t i o n s  f o r  each 

subindex, These two b i t s  have d i f f e r e n t  va lues  according to t h e  f o u r  



1 10 Assistat 

11 F u l l  subindex t o  be  t r e a t e d  

Figure 7 descr ibes  the  rough telemeasure index. This index is  operated 

by ACQ and by LIRE i n  d i r e c t  access by number of r e g i s t r a t i o n s .  

B The recogni t ion  of the  blocks 

This recognit ion i s  accomplished by t h e  ACQ program. 

B - 1 Organization 

A block is read when it a r r i v e s ,  one recognizes i ts  o r i g i n  and one s t o r e s  

i t  simultaneously with t h e  reading of t h e  following block according t o  

t h e  p r i n c i p l e  of t h e  " f l i p  flop" which we have schematized i n  organi-  

gram 1. 

B - 2 The proper recognit ion.  

This recogni t ion  is  accomplished i n  accordance wi th  organigram 2. It 

r e l i e s  on 3 words of t h e  l abe l .  

F i r s t  ( t e s t  TI ) ,  one i s  posi t ioned on t h e  l a b e l  while looking f o r  t h e  

two synchros which frame it. I f  one f a i l s ,  one dec la res  the  block un- , 

known, a t t aches  a l a b e l  t o  i t  and sends i t  t o  t h e  a s s i s t a n c e  subindex. 

I f  one succeeds, one t e s t s  (T2) t h e  p a r i t y  of t h e  s t a t i o n  number. I f  

t h i s  p a r i t y  i s  good, t h e  block is  furnished with a l a b e l  and moved t o  

t h e  corresponding subindex. I f  i t  i s  bad, t h e  block i s  declared  un- 

and s e n t  t o  the  a s s i s t a n c e  subindex. 



The f i r s t  t e s t ,  on da ta  spoi led  by noise,  has shown t h a t  the  p r o b a b i l i t y  

of moving t h e  block of  a passage P 1 t o  a passage P2 can be considered 

n i l ,  

A problem remains however posed i n  t h e  measure where t h e  llclosingll 

of a subindex ( tha t  i s ,  t h e  modificat ion of i t s  condi t ion  from 01  t o  

11 and, consequently, t h e  p o s s i b i l i t y  f o r  t h e  treatment d i v i s i o n  t o  

d ispose  of i t )  depends on t h e  recogni t ion  of t h e  word of t h e  s i g n  

"Last block." I f  the  p a r i t y  of t h i s  word is bad, one w i l l  not  recog- 

n i z e  t h a t  t h e  block s tudied  was t h e  l a s t  of a passage. Only i n  a 

synchronous and ex te rna l  in te rven t ion  w i l l  permit r e a l i z i n g  t h a t  an  

open subindex i s  not  y e t  closed n hours l a t e r .  One w i l l  c l o s e  i t  i n  

t h i s  case  of au thor i ty  t o  t ransmit  i t  t o  t h e  treatment.  

C - Restora t ion  of the  telemeasures 

This r e s t o r a t i o n  i s  accomplished by t h e  LIRE program which i t  executed 

i n  t h e  treatment d iv i s ion .  ! 

i c - 1 Organization. 
* 

I n  order  t o  be a b l e  t o  dispose of a passage, LIRE explores t h e  "general 

condition" i n  t h e  research  of a subindex marked "1 1". This program i s  

then organized i n  accordance with organigram 3 .  

C - 2 The r e s t o r a t i o n  of t h e  telemeasures. 

This r e s t o r a t i o n  cons i s t s  i n  rereading t h e  subindex t r e a t e d ,  block by 

block, t o  v e r i f y  the  r e g u l a r i t y  of the  incrementation of t h e  t i m e  con- 

ta ined i n  the  l a b e l  (not spoi led  by noise)  and of t h e  block numbers 

(spoiled by noise) ,  t o  examine t h e  successive blocks of t h e i r  mark 

and of t h e i r  l a b e l  and t o  accwnulate them. The infolmation thus 



obtained is the  sought a f t e r  telemeasure. When the  incrementation of 

the  block numbers is i r r e g u l a r ,  one looks again i n  the  a s s i s t a n c e  sub- 

index f o r  t h e  missing blocks while t ry ing  t o  frame t h e i r  time mark 

between t h e  time marks of the  l a s t  two blocks of t h e  exploi ted  sub- 

index. 

When t h e  incrementation of t h e  time mark i s  no longer made i n  t h e  

proper sense,  i t  is  t h a t  t h e  l a s t  block of t h e  passage has been 

a t t a i n e d  . 

One expects very good r e s u l t s  from t h i s  r e s t o r a t i o n  i n  t h e  case  where 

t h e  noise  of retransmission w i l l  a f f e c t  only one l a b e l  a t  a time, 



FIGURE 5 

The Format of S c i e n t i f i c  Telemeasure 

The fonnat = 1056 b i t s  = 8 in te r roga t ions .  

S = format synchro = 24 b i t s  

H03 = 8 b i t s  of g r e a t  weight of t h e  word time of 24 b i t s  

BO t o  B7 = 8 phrases of 128 b i t s  each. 

The phrase = 128 b i t s  = 1 in te r roga t ion .  

J?n = number of t h e  phrase = 3 b i t s  

H01, H02 = 18 b i t s  of s l i g h t  weight of t h e  word time 

N i  = number of t h e  bal loon in ter rogated  

+ , - * *  $6 = 6 phase measures f o r  the  c a l c u l a t i o n  of t h e  d i s t a n c e  

Ml q M3 M4 = parameters s e n t  by t h e  n a c e l l e  

N and AC = measures f o r  t h e  c a l c u l a t i o n  of t h e  Doppler e f f e c t ,  



FIGURE 6 

The Block 

1 The l a b e l  = 3 words "360" = 96 b i t s  

T = c a l c u l a t o r  t ime a t  t h e  a c q u i s i t i o n  of t h e  block - 6 o c t e t s  

3 , F i  = number of subindex where t h e  block is s t o r e d  - 1 o c t e t  
Z 

E.G. = gene ra l  cond i t i on  a t  t h e  moment of a c q u i s i t i o n  o f  t h e  blocks - ! o c t e t s  

The l a b e l  = 65 b i t s  



FIGURE 7 

The Index of Rough Telemeasure 

N, p, q ,  M a r e  fi.xed q u a n t i t i e s  which only take  t h e  value des i red  by the  

programmer a t  t h e  i n i t i a l i z a t i o n  of the  program of rough telemeasure index 

:I r 
c rea t ion .  

p r eg i s -  
t r a t i o n s  

q r eg i s -  
t r a t i o n s  

N subindexes a s s i s t a n c e  
subindex 

Each r e g i s t r a t i o n  conta ins  M o c t e t ,  mainly 637 o c t e t s  i n  t h e  case  of 

t h e  block described i n  Figure 6 ,  





Research of* the  number 
of e r r o r s  i n  t h e  l a b e l  

1 

Calculat ion of the  

Fabricat ion of the l a b e l  

GENERAL CONDITIONS : 

Calculat ion of t h e  

GENERAL CONDITIONS 



General organization of the restoration of a telemeasure passage 

@ ind- @ are the input and output of organigram 4. 



The r e s t o r a t i o n  of a  passage i 

s 

Reading of t h e  r e g i s t r a t i o n  i 
i n  t h e  subindex t o  be  

- . 

* l a s t  block 

i is  s t o r e d  wi thout  
a s s i s t a n c e  subindex 

without  l a b e l  

. < 

Ti = Time taken  i n  marking t h e  r ecep t ion  of t h e  block 
- - - 

i n  t h e  l a b e l  . 





The program c a l c u l a t e s  t h e  p o s i t i o n  - and even tua l ly  t h e  speed - of 

each of  t h e  bal loons i n  r e l a t i o n  t o  t h e  e a r t h ,  beginning wi th  Doppler and 

d i s t a n c e  measures, t h e  nominal a l t i t u d e  of  t h e  ba l loon ,  supposed cons t an t ,  

t h e  p o s i t i o n  and t h e  speed of  t h e  s a t e l l i t e ,  

The p o s i t i o n  of t h e  ba l loon  and i t s  speed a r e  de f ined  by f i v e  funda- 

mental  parameters:  

- l a t i t u d e :  Lf) 

- longi tude:  

- a l t i t u d e :  h 

- der ived  i n  r e l a t i o n  t o  t h e  t ime of : C/) 
- der ived  i n  r e l a t i o n  t o  t h e  t ime of  A : 

0 

which can  be  c l a s sed  i n  two ca t egor i e s :  

- t h e  f r e e  parameters which one hopes t o  improve i n  t h e  course  of . 
c a l c u l a t i o n :  o b l i g a t o r i l y :  0 and and even tua l ly  Ci) , 

- t h e  neu te r  parameters having a f ixed  va lue  f o r  t h e  s e r i e s  t r e a t e d .  

I - P r i n c i p l e  of Location 



where X, Y ,  Z des igna te  t h e  coord ina tes  o f  t h e  s a t e l l i t e  i n  a mark 

chosen f o r  re ference ,  and where i, , des igna te  ehe componants o f  

t h e  s a t e l l i t e  v e c t o r  speed i n  t h i s  same mark. 

Two opt ions  a r e  poss ib l e :  

1. The only f r e e  parameters a r e  and h ; 4 and t i  a r e  then  

given by anindex card  of f i e l d  winds. . 
2. q ,  h ,  3 ,  h ,  a r e  c a l c u l a t e d  s imultaneously.  

I n  t h e  two cases  and a r e  c a l c u l a t e d  f o r  a given moment t. A s  . 
dZ f o r  Ci) and , they  a r e  supposed cons tan t  i n  t h e  course  of a s a t e l l i t e  

passage above t h e  hor izon  of t h e  ba l loon  ( i n  e f f e c t  one makes t h e  hypo- 

t h e s i s  t h a t  f o r  a maximum dura t ion  of  15 minutes t h e  ba l loon  evolves a t  

a cons tan t  speed). 

Option 1 

The parameters t o  be determined a r e  and A 
I? no t  being a l i n e a r  func t ion  of  9 and , it is necessary  t o  l i n e a r i z e  

t h i s  func t ion  i n  a neighborhood of a n  approximate s o l u t i o n  LPc' 4,. 



I f  the bal loon i s  in ter rogated  n times i n  t h e  course of a  s a t e l l i t e  

passage above t h e  bal loon,  one obta ins  2n l i n e a r  equations which one 

t r e a t s  by leased squares. 

The reso lu t ion  furnishes 6 , l l \  a s  wel l  a s  e r r o r s  t o  be 

recognized 0" 9 s  
- - . tn I. X l n  

bl\ 0 , thus new parameter values:  

One begins again  the  process of r e p e t i t i o n  by taking t h e s e  new para- 

meter values a s  a  point  of depar ture ,  u n t i l  t h e  convergence is  

assured,  t h a t  is, u n t i l  the  values j, r e s u l t i n g f r o m t h e  
j 

same r e p e t i t i o n  d i f f e r  - i n  absolute  value - from the  t r u e  values of 

a  quant i ty  less than , being a c o e f f i c i e n t  cha rac te r i z ing  the  

convergence. 

It i s  not poss ib le  then t o  t r e a t  the  measures r e l a t i v e  t o  s e v e r a l  

passages of t h e  s a t e l l i t e  o r  t h e  hypothesis according t o  which t h e  

bal loons evolve a t  a cons tant  speed f o r  a  b a l l o o n - s a t e l l i t e  period of 

v i s i b i l i t y ,  is  no longer acceptable. 

The p r i n c i p l e  of loca t ion  is i d e n t i c a l  t o  t h a t  of Option 1. The 

l inea r i zed  equation has t h e  following expression: . 

--- - 



PI * a 

s One cons iders  a  geocen t r i c  c a r t e s i a n  mark (T) whose p lane  XOZ is t h e  

p l ane  of  t he  Greenwich meridian.  

. . 
One c a l l s  XS, YS9 ZS, XS9 YS, ZS t h e  coord ina tes  and t h e  componants 



C ,  
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lP -2 
where v and-8 a r e  t h e  v e c t o r  speeds of S and B, i n  r e l a t i o n  t o  

S B 

t h e  e a r t h .  

- The d i s t a n c e  measure fu rn i shes  a  q u a n t i t y  d  whose t h e o r e t i c a l  ex- 
-> 

pres s ion  i s  I SB I 
---> 

L e t ' s  s e t  up P =  ) S B I  

P and Q a r e  t h e  t h e o r e t i c a l  q u a n t i t i e s  d i s t a n c e  and Doppler. The 

corresponding measured q u a n t i t i e s  a r e  d  and D, 
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! Passage in geographic coordinates 
. - 

- 

- * 
I 

.!" 
i - = R(C + 2 )  ~ O S  y c o s  A 
1 R 
i 1 

i 
# 



For a  t r e a t e d  s e r i e s ,  and A a r e  l i n e a r  functions of t h e  t ime 

- The l inea r i zed  equations a r e  w r i t t e n  (option 2):  

These a r e  t h e  condi t ion  equations,  t 

ess ion of t h e  p a r t i a l  de r iva t ives :  



-36- ---. 
I 

h M ( V )  = R s i n y  ( c  + - -  ) - C O S Y  
a c  

with  : 
n a Y  





Let P be t h e  ma t r ix  of t h e  corresponding weights:  

t h e  weight of  each cond i t i on  equat ion  is obtained by l i n e a r i z i n g  
1 

t h e  func t ion  F i n  such a way a s  t o  cause t h e  e r r o r s  on t h e  

measured q u a n t i t i e s  t o  appear  (Doppler, d i s t ance ,  a l t i t u d e ) .  

q u a n t i t i e s  sought q u a n t i t i e s  g iven  measure measure 

* ? F  aF a~ '3 F Z $ X  - 8 4 ,  6 k Z - F  ; +-'M - - 6 h c d M  - l ~ + ~ ~  
a'? ah  - - ah -- - _- -- c a l c u l a t e d  .- - - 'ah 

---f---; 

, 
The weight is then  equal  t o  t h e  i n v e r s e  of t h e  sum of  t h e  v a r i a n c e s  

of  6 Mand 3 A h  

a h 



. 
And i n  l i k e  manner: ) 

Remarks 

8 - The i n i t i a l  va lues  ( f o r  t h e  r e p e t i t i o n )  of t h e  f r e e  parameters  can  

d 
1 b e  obtained i n  two ways: 

- by a n  e x t r a p o l a t i o n  program of t h e  ba l loon  p o s i t i o n s  

- by t h e  a n t i c i p a t i o n  program 

f - The p o s i t i o n s  and t h e  speed of t h e  s a t e l l i t e  a t  t h e  moment of  
i 
i 

measure a r e  c a l c u l a t e d  by e x t r a p o l a t i o n  of t h e  l a s t  c a l c u l a t e d  

o r b i t a l  parameters.  F 

- Each r e s u l t  r e l a t i v e  t o  t h e  l o c a l i z a t i o n  of a ba l loon  c o n s i s t s  o f  

t h e  fo l lowing  d i f f e r e n t  parameters:  

I 1 1 
I b a l l o o n  no. , nb nace l l e s  I wind i n d i c a t o r  

I d a t e  I  hour I , 
I -  - 

1 I 1 .  I I I 

i , having c a r r i e d  I 0: i f  6 , a r e  given day I f r a c t i o n  
L 

I t 
t t h i s  number 1: i f  they  are c a l c u l a t e d  j u l i e n  I day 

1 
t 
I L I 1 

I I j u l i e n  , 3 
i 

arame ters 
- - 

- The measures have been f a b r i c a t e d  wi th  t h e  he lp  of a numerical i n t e g r a -  

t i o n  program furnishing a t  g iven  moments t h e  Doppler and d i s t a n c e  

4 
3 measures, between t h e  s a t e l l i e e  a ba l loon  (when t h e  l a t t e r  is v i s i b l e )  

as w e l l  as t h e  p o s i t i o n  and speed of t h e  s a t e l l i t e ,  



- This  d a t a  has been introduced i n  t h e  l o c a l i z a t i o n  program of t h e  

ba l loons ,  a f t e r  having a f f e c t e d  t h e  measures obtained from hazardous 

e r r o r s ,  on  t h e  o r d e r  of 250 m f o r  t h e  d i s t a n c e s  and 0.5 m / s  f o r  t h e  

Doppler. 

Some examples of t h e  c a s e s  t r e a t e d :  

f i r s t  t a b l e  t h e  r e s u l t s  concern immobile ba l loons .  

. . 
second t a b l e  a r e  given by t h e  wind index. 

The r e s u l t s  concern ba l loons  having a 

uniform c i r c u l a r  movement around t h e  

e a r t h ,  t h e i r  speed being on t h e  o r d e r  

of  100 km/h 



- + A "  

BALLOONS HAVING A UNIFORM CLRCULm MOVEMENT 
- 

1 
R calculated "= 

calculated 





BALLOONS HAVING NO SPEED 
-----m--------------we--w-w---- 

in te r roga t ions  

e r r o r  on the  
a~titude:250 m ,L 





I, Role in place of the previsions in the chain of EOLE treatment, 

I - 1 The EOLE experiment has as its goal collection by satellite of 

measures permitting reconstruction of the variable positionsof a 

flotilla of balloons. The collection of the information can be done 

in two ways: 

1- by systematic interrogation of the balloons 

2- by programmed interrogation of the balloons 

The first method of interrogation necessitates only the knowledge of 

the moment of entry and departure of the satellite from the geographic 

zone whose points are in a latitude less than 10'. It is not possible 

however to limit oneself to these simple calculations for: 

- it will always be necessary, for scientific or security 
reasons, to program the interrogation of certain balloons 

in order to collect the maximum of measures on them; 

- it is necessary, in order to supervise the proper continuation 
of the experiment, to compare the list of the balloons theoret- 

ically visible by the satellite with the list of those actually 

That which precedes leads to the realization of a preview program giving 

the balloons-satellite rendezvous, which will take place in the chain 

of EOLE treatment, between the program restoring the position of the 

balloons and the program of teleposting. Whatever may be the means of 

interrogation, it will always be necessary to know what the fixed stations 
\ 

are which can best transmit the orders to the satellites and collect 

the telemeasure, The preview program should include the calculation of 

the satellite's passages above fixed stations, 



I - 2 It i s  s tandard  t o  make passage previews of a s a t e l l i t e  above f i x e d  

s t a t i o n s .  The ba l loons  cannot be  considered a s  f ixed  s t a t i o n s ,  they 

ought t o  be considered a s  mobile o b j e c t s  whose p o s i t i o n  ought t o  be 

ex t r apo la t ed  i n  o rde r  t o  o b t a i n  a n  exac t  rendezvous wi th  t h e  s a t e l l i t e .  

One can cons ider  t h i s  e x t r a p o l a t i o n  i n  twoaways: 

- a s h o r t  t e r m  e x t r a y ~ ~ ~ l a t i o n ,  of t h e  d u r a t i o n  of two o r  t h r e e  

s a t e l l i t e  o r b i t s ,  obtained beginning wi th  t h e  l a s t  known 
a 

p o s i t i o n  of t h e  ba l loon  by t h e  knowledge of  t h e  d e r i v a t i v e s  
s 

4 and of t h i s  pos i t i on .  

- a longer  term e x t r a p o l a t i o n  on t h e  o r d e r  of 24 H. That i s  

The above schema i n d i c a t e s  t h e  o r g a n i z a t i o n  of t h e  t rea tment :  t h e  

s o l i d  l i n e  corresponds t o  t h e  f i r s t  hypothesis ,  t h e  do t t ed  l i n e  

corresponds t o  t h e  second hypothes is ,  



The f i r s t  o rgan iza t ion  has t h e  advantage of  s i m p l i c i t y .  It only depends 

on t h e  te lemeasure,  i t  only works ou t  t h e  t rea tment  on t h e  360/40 c a l -  

c u l a t o r  wi thout  depending on c a l c u l a t i o n s  worked out  on another  

machine. It has t h e  inconvenience of lead ing  t o  imprecis ion on t h e  

c a l c u l a t i o n  of  t he  rendezvous f o r  t h e  ba l loons  which would not  have 

been a b l e  t o  be in t e r roga ted  r e c e n t l y  and does not  permit  e s t a b l i s h -  

.,. 
ment of a programmed p l an  of ope ra t ion  beyond two o r  t h r e e  o r b i t s .  

This  o rgan iza t ion  of t h e  t rea tment  is  a c t u a l l y  a t  t h e  s t a g e  of i n t e -  

g r a t i o n  i n  t h e  cha in  of t rea tment .  

The second organiza t ion ,  which e x t r a p o l a t e s  t h e  ba l loons 'pos i t i ons  

beginning wi th  a wind c h a r t ,  has t h e  advantage of  lead ing  t o  a  more 

p r e c i s e  p l an  of  ope ra t ion  pe rmi t t i ng  t h e  programmed i n t e r r o g a t i o n  of 

t h e  bal loons f o r  more ex tens ive  per iods .  The knowledge of t h e  ex t r ap -  

o l a t e d  p o s i t i o n s  of t h e  ba l loons  a t  t h e  moment of rendezvous possesses  

a  double i n t e r e s t :  on t h e  one hand it fu rn i shes  i n i t i a l  s o l u t i o n s  of  

good q u a l i t y  t o  t h e  program of r e s t o r a t i o n  of  t h e  p o s i t i o n s  which 

should permit r educ t ion  of working time; on t h e  o t h e r  hand, t h e  com- 

pa r i son  of t h e  ex t r apo la t ed  p o s i t i o n s  w i t h  t h e  r e s t o r e d  p o s i t i o n s  

beginning w i t h  measures test t h e  v a l i d i t y  of  t h e  s c i e n t i f i c  t rea tment .  

It possesses ,  however, non-negl igible  inconveniences: 

- i t  depends on a p e r i o d i c  t rea tment  c a r r i e d  ou t  every 24 H 

on another  machine; 

- i t  weighs i t s e l f  down wi th  a numerical i n t e g r a t i o n  program f o r  

t h e  ex t r ,apola t ion  of  t h e  ba l loon  p o s i t i o n s  
I % 

c u l t  t o  work on t h e  360/40 c a l c u l a t o r ,  

which can  be  d i f f i -  



This organiza t ion  is ,  f o r  the  moment, only a p ro jec t ,  t h e  program of 

bal loon pos i t ion  ext rapola t ion  being t h e  objec t  of conversations 

between the  Mathematics and Treatment Division of t h e  CENS and t h e  

team of Professor Morel i n  charge of s c i e n t i f i c  examination. 

I1 Formalizat ion of t h e  b a l l o o n - s a t e l l i t e  rendezvous 

11-1 The e x i s t i n g  preview programs a r e  poorly adapted t o  take  place i n  t h e  

chain of EOLE treatment. It i s  necessary t o  r e th ink  t h e  formal iza t ion  

of them i n  order  t o  r e a l i z e  the  following cons t ra in t s :  

- t h e  encumbrance i n  memory c a l c u l a t o r  should be  reduced, 

- t h e  execution times ought t o  be a s  s h o r t  a s  poss ib le  r e a l i z i n g  

t h e  g r e a t  number of balloons. 

For t h a t ,  it is poss ib le  t o  e l abora te  a  formal iza t ion  which u t i l i z e s  

t h e  s impl i f i ca t ions  brought by t h e  quas i  c i r c u l a r i t y  of t h e  o r b i t .  

11-2 For t h e  moment, we s h a l l  suppose t h a t  bal loon B of geographical coor- 

d ina tes  , , ?I is  immobile on t h e  sphere of bal loons,  we s h a l l  

next examine how t o  r e a l i z e  i t s  new movement. 

I n  an  i n e r t i a l  mark, the  vec to r  coordinates% are :  

8 = s i d e r e a l  Greenwich time 

(1) V = $ ' + ) + H  

~ e t ' s  consider  the  orthonormal mark co,nnected t o  t h e  o r b i t  p lan  conta in ing 



1 8 0 

- - O coe li, s i n  i 

0 -sin i cos 

* sin Q 

c o s  %Z 

0 

+ sin 

constants ,  t h e  time only intervenes i n  t h e  v a r i a t i o n  of t h e  angle  u 



The p l ace  of po in t  H ,  p r o j e c t i o n  of  B on t h e  o r b i t a l  p l an  i s  then  i n  

e l l i p s e  of  parametr ic  equat ions:  

( see  f i g u r e  2)  

I1 - 3 L e t ' s  cons ider  t h e  p lane  perpendicular  t o  t h e  ex t remi ty  of t h e  

v e c t o r  3% which we w i l l  name hor izon  p lane  of t h e  ba l loon  B; i t s  

v e c t o r i a l  equation: 

-> -9 
OB . BM = 0 

t h a t  is  : 

The ba l loon  w i l l  be seen  by t h e  s a t e l l i t e  when t h i s  l a t t e r  w i l l  b e  

above t h e  horizon p lane  of t h e  ba l loon ,  I n  genera l ,  t h e  ho r i zon  p l ane  

and t h e  o r b i t a l  p lane  a r e  c u t  accord ing  t o  a s t r a i g h t  l i n e  (D) which we 





-% -9", 
The vectors  OH and 04) a r e  c o l i n e a r  and such t h a t :  

The loca t ion  of p i s  obtained then a s  the  transformation from t h e  loca- 

2 
t i o n  of H by a power invers ion  p . 

I1 - 4 To s t r i c t l y  determine t h e  moments of appearance and disappearance 

of the  s a t e l l i t e  i n  view of t h e  bal loon,  i t  would be necessary t o  c a l -  

c u l a t e  t h e  moments where t h e  s a t e l l i t e  coincides with t h e  points  of 

o r b i t a l  i n t e r s e c t i o n  and the  s t r a i g h t  horizon. This method can be  

s impl i f i ed  i n  t h e  case  of  a c i r c u l a r  o r b i t .  

Le t ' s  consider  the  vectors  : 

-2 X = P COS u 
0 

Y = Q s i n u + S  

a = ha l f  l a rge  a x i s  

V = W+ v = (n-t W1) ( t - to )  c i r c u l a r  o r b i t  

The s a t e l l i t e  w i l l  c e r t a i n l y  be v i s i b l e  i f  the  following t h r e e  geometric 

a r e  accomplished: 

-> -7 
1) 0s /j OH = 0 

3 t , o  
-+ 2 -> 

3) I I o H I I >  P <=) 11 OPll 4, a r e l a t i o n  (5  ' 
a 

-> 
The r e l a t i o n s  (6-1) and (6-2) express t h e  vector  coincidence tu rn ing  OS 

-> 
and OH, t he  r e l a t i o n  (6-3) expresses t h e  i n t e r s e c t i o n  condi t ion  of  t h e  

s t r a i g h t  horizon with the  c i r c u l a r  o r b i t ,  ~ e t ' s  develop (6-1): 

(6h-1): (I? cos u) s i n  V - (Q s i n  u i- S )  cos V Li: 0 



I n  t h i s  equation u and V are functions of t h e  time, but  i n  t h e  case  of 

t h e  EULE s a t e l l i t e ,  t h e  angle  V v a r i e s  about 15 times m c r e  quickly 

than t h e  angle u, t h i s  leads to considera t ion  of solving t h e  equation 

( 6 )  by a method of success ive  approximat ions. 



t h a t  i s  t o  say t h a t  t h e  method s f  t h e  successive 

Q s i n  (A+B V ) + S 
= a r c t g  

P cos (A+B V ) 

approximations solves  

The equation i s  of t h e  form V = f (v) with V &k, 2 : i n  order  t o  

e s t a b l i s h  t h e  exis tence  and uniqueness of the  so lu t ion ,  we a r e  going 

t o  show, s ince  it is  standard t o  do so,  t h a t  the  a p p l i c a t i o n  f (v )  i s  

cont rac t ing  on a compact i n t e r v a l .  It is  necessary f o r  t h a t  t o  f i n d  

a uniform increase  of t h e  de r iva t ive :  

XY' - X ' Y  P & + s s i n  ( A + B V ~  
f t ( V )  = = B 

l l t l l  
2 

x2 + y2 

To increase  f '(V), decrease t h e  denominator and increase  t h e  numerator. 

I n  e f f e c t ,  according t o  t h e  r e l a t i o n  (6-3),  t h e  denominator: 

geometrical ly,  t h a t  r e tu rns  t o  exclude the  point  of e l l i p s e  loca t ion  



f o r  : 
n2a3 = (Kepler ' s  3rd law) 

6 3 2 
= 0.398607.10 km x s  

86400 = number of seconds i n  an average s o l a r  day. 

thus : I t I (v) 1 4 a 712 

P 

i f  we take: p = 6378 km 

a = 7378 km HS = 1000 lon 

We have then a uniform increase  of f l (V) ,  which assures  us of t h e  

existence and t h e  uniqueness of the  solut ion.  

I1 - 4 We a r e  now going t o  show with what approximation t h e  moment where 

t h e  condit ions ( 6 )  a r e  rea l i zed  can be confused with t h e  moment where 

1 t h e  s a t e l l i t e  culminates above the  balloon. 

The s a t e l l i t e  culminates when t h e  height  "h" i s  maximum, o r ,  t h a t  

[IL which is  equivalent ,  t h e  zen i tha l  d is tance  is  minimum (h + A  = ) 

-> -> 
OB . BS 

but:  - - 

a ( c i r c u l a r  o r b i t )  





-> -", 
( O B  * O S ) = O  

d t  

a 
I L e t ' s  develop t h e  r e l a t i o n  (9) i n  t h e  t r i h e d r o n  connected t o  t h e  o r b i t  



The e r r o r  committed on V i s  t h e  a n g l e  under which it is  s e e n  from 0 

t h e  v e c t o r  3 H ', t h i s  e r r o r  is increased  by t h e  h a l f  a n g l e  under which 

i t  is seen  from 0 t h e  c i r c l e  of c e n t e r  H and of r a d i u s  f3 cos  

(see f i g u r e  3 ) ,  



I1 - 5 Let V be the angle which v e r i f i e s  the re lat ions  ( 6 ) ,  the corresponding 

straight  horizon is known by its normal coordinates, that is t o  say by 
I 

the polar coordinates of the vector 2, or thus: 

/ = Arcos ( 
11311 I 

a 

7 
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We s h a l l  d e f i n e  t h e  angles  corresponding t o  t h e  appearance and t h e  d i s -  

appearance of  t h e  s a t e l l i t e  by: 

This  is not  s t r i c t l y  exac t  i n  t h e  s tudy  made i n  paragraph 11-4 i n d i c a t e s  

t o  us  t h e  o r d e r  of g rea tnes s  of  t h e  e r r o r  cormnitted. 

However, t h i s  i s  s u f f i c i e n t  t o  determine t h e  i n t e r v a l s  of t ime where 

t h e  s a t e l l i t e  i s  v i s i b l e ,  t h e  r a p i d i t y  of t he  process  of  c a l c u l a t i o n  

compensating i ts  r e l a t i v e  imprecis ions.  

I n  t h e  f i r s t  ve r s ion  of t h e  preview program; we s h a l l  con ten t  our-  

s e l v e s  w i t h  t h i s  method. The l a t t e r  can be improved l a t e r  by looking 

9 

f o r  s o l u t i o n s  t o  t h e  equat ion  (9 ' )  which can be  s u b s t i t u t e d  i n  t h e  

equat ion  (6 ' - I ) ,  t h e  analogy of form of t h e s e  r e l a t i o n s  not  s e t t i n g  

back i n  cause  t h e  p r i n c i p l e  of t h e  method, 

I1 - 6 The p r e c e d i n g  c a l c u l a t i o n s  a r e  accomplished beginning from a pos i -  

t i o n  /\ , f/2 of t h e  bal loon.  This  l a t t e r ,  i n  accordance w i t h  what has  

been s a i d  i n  Chapter I, nPn ha* 

- e i t h e r  t h e  l a s t  r e s to red  p o s i t i o n  

I - o r  t h e  ex t r apo la t ed  p o s i t i o n  a s  f a r  as t h e  n e a r e s t  passage t o  

1 t h e  descending node, 
I 

I 
I 

The index  of t h e  rendezvous w i l l  be  composed of t he  union of t h e  co r r e s -  

ponding subindexes g iv ing  f o r  each ba l loon  t h e  rendezvous o r b i t  by o r b i t .  

Each one of t h e s e  subindexes being made up of i n f o m t i o n  c l a s s i f i e d  i n  



t h e  chronologica l  o r d e r  which w i l l  permit ,  by methods of d i r e c t  acces s ,  
f 

4 es tab l i shment  of  a p lan  of ope ra t ion  f o r  each o r b i t .  
1 
3 

1 The information in sc r ibed  on t h e  index, f o r  each o r b i t ,  w i l l  be: 

NUB, NOR, IND, DAT1, DAT2, HZM, DT, F I ,  AL, FI1, AL1 




